The transfer of heavy metals and trace elements from argan forest soil into the wood, leaves, almonds, and argan oil was studied. Analyzed metals were: chromium, cadmium, copper, zinc, lead, calcium, phosphorus, potassium, and magnesium. Correlations linking different behaviors of the studied heavy metals and trace elements observed by multidimensional analysis were attributed to partial-spatial variations. Whereas the RV-coefficient of wood, leaf, almond and oil groups was high, the soil group correlated poorly with the other groups.
The argan tree (Argania spinosa) is endemic in south-west Morocco [1] . Currently, two major types of argan forest co-exist: the arganorchard (garden) and the wild argan-forest. The argan-orchard occurs generally in somewhat rugged areas; its average tree-density is 100 trees/ha. The wild argan-forest is located in the non-arable portions of the Atlantic seashore between Essaouira and Agadir. This latter type is subjected to extensive agricultural use; its treedensity can reach 500 trees/ha and it presents a relative monospecific diversity. The wild argan-forest type is the backbone of an ancestral agroforestry system [2] that still meets the needs of the inhabitants of this (semi-)arid area [3] [4] . The oil extracted from the almonds of argan fruit presents valuable health benefits for humans [5] and, therefore, is recommended for human food [6] . It is also incorporated in cosmetic and pharmaceutical products [7] . In the domestic economy, argan oil production, which is supported by women, still represents a significant share of the household income [8] . Argan oil is an oleic-linoleic acid type of oil and its unsaponifiable matter has an original composition [9] . Several studies have already focused on the physico-chemical characterization of argan oil or its byproducts [7, 9] . However, only little work has been devoted to the influence of argan forest metals on argan trees [10, 11] , even though this global research domain is rapidly expanding [12] [13] [14] . The objective of this study was to analyze, in different locations, the level of heavy metals and trace elements of the argan forest soil and compare it with that observed, for the same elements, in different parts of the argan trees (wood, leaves, almonds, and oil), to identify any relationships between argan oil metal content and argan tree environment.
For this study, argan soil and trees from Essaouira, AitBaha, Tiznit, Taroudant, and Agadir area were independently studied. Physicochemical analyses of the soil are presented in Tables 1 and 2. The soil of the evaluated argan forest areas is essentially coarse sand, with the percentages of sand ranging from 21.9 (Essaouira) to 51.7% (Tiznit). The distribution of the soil fraction was different from one zone to another. Indeed, the soil of AitBaha and Tiznit is the richest in argil (around 13%), while in the three other locations, the argil percentage was low. Soil pH (H 2 O, KCl) is homogenous and slightly alkaline; ranging from 8.22 to 8.52. The soil also showed low percentages of total carbonates: 0.9% for Essaouira, 2.7% for AitBaha, 3.1% for (Tiznit, Taroudant) and 3.3% for Agadir.
Concentrations of nine metals were evaluated. Iron was not considered because its precise quantification would have required iron-free tools or apparatus. Lead concentration was found to be particularly high (278.23 mg/kg) in the soil of the Essaouira forest ( Table 2 ). It was also the most abundant element in the soil of Taroudant and Agadir forests (80.8 and 66.2 mg/kg, respectively). Zinc and copper ions were the most abundant element elsewhere ( Table 2) . Among other tested elements, potassium was the most abundant in the soil of Essaouira, Tiznit, and Taroudant forests. Concerning argan trees, calcium was found to be the most abundant element in the leaves, wood and kernels of trees growing in Tiznit, Taroudant, Agadir, and Ait Baha forests, whereas for argan oil, phosphorus, likely resulting from the high content of phospholipids [15] , was the highest of all tested elements. Content in argan oil of most metals was similar to that reported for other edible oils [16, 17] .
Because argan trees may grow in locations where metals accumulate in high and various concentrations, we decided to study the possibility of a putative correlation between the content of analyzed metals in the soil, tree and oil using the Principal Component Analysis (PCA) normalized method that has already been used in the environment field [18, 19] .
In our case, PCA was conducted using metal contents as variables and selected four components that explain 85% of total inertia. Calculated RV-coefficients [20] are presented Table 3 . Mohammed et al. Table 1 : Physico-chemical data and particle size analysis of the soil. Table 2 : Concentration (mean ± standard deviation) in mg kg -1 of evaluted metals in the soil and various parts of argan tree, and in argan oil (g kg -1 ). RV-coefficients for wood, leaves, almonds and oil are relatively high and above 0.829, whereas for the soil no direct correlation could be observed with the wood, leaf, almond and oil group as indicated by the low RV-coefficient values. Our mathematical analysis shows that the four selected components include 85% of the data with percentages of inertia of 31.6, 22.0, 17.6, and 13.8 (Figures 1, 2) . Because the other components contributed weakly to the total inertia, they were not considered for the analysis of metals. Significant similarities between trees ( Figure 1 ) and a high correlation between argan oils from the five different geographic zones were observed. Indeed, oils from Essaouira, Tiznit, Taroudant, Agadir and AitBaha are only rich in chrome and zinc, while the wood of argan trees from Essaouira and Tiznit is rich in chrome, lead, and zinc. Interestingly, the soil of Tiznit and Taroudant is rich in copper and zinc. Figure 2 shows that argan oil from trees from Essaouira, Tiznit, Taroudant, Agadir and AitBaha is rich in calcium, phosphorus and potassium, while the soil of Essaouira, Tiznit and Taroudant is rich in phosphorus, potassium and magnesium.
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Whereas a direct correlation between soil composition and argan oil metal content is hard to establish, so far, our mathematical results could already be useful to predict metal content of argan oil from metal content of argan tree parts. Such data are valuable considering not only the toxicity of these metals but also their possible negative influence on oil preservation [21] . Transfer of heavy metals and trace elements of the forest soil to argan trees Natural Product Communications Vol. 8 (1) 2013 23
Experimental
Locations and sampling: Fifty-five samples of soil, wood, leaf, almond, and oil were obtained from different trees growing in 5 different geographic locations (Essaouira, Tiznit, Taroudant, Agadir, Ait Baha). Samples were either manually collected or harvested and analyzed for their metal content. Argan oil was prepared by mechanical pressing of argan almonds [22] .
Analysis: Two g samples of argan (wood, leaves, and almonds) were washed with distilled water, dried in an oven, then crushed. Samples were incinerated prior to analysis. For this, each sample was placed in a 30 mL Teflon flask to which 15 mL of HNO 3 65% was added. The suspension was heated at 110°C close to dryness. Then 5 mL of HF 40% was added, the flask sealed and the suspension heated at 120°C for 5 h. Hydrogen peroxide 35% (1 mL) was carefully added to the solution at 80°C together with 10 mL of HNO 3 65%. The solution was heated at 140°C to dryness. After cooling, the residue was suspended in deionized water, filtered and the volume adjusted to 100 mL. Cadmium, chromium, copper, lead, zinc, calcium, potassium, phosphorus, and magnesium were analyzed in the various parts of argan by atomic absorption to determine the distribution of the metal content between these samples. Multivariate statistical analysis was used to explain the behavior of the metals. Analytical data collected were processed by principal component analysis, as described by Foucart [23] . This was accomplished using as reduced centered variables the metal concentration in the argan forest. A hierarchical classification was used for the grouping of individuals in the different representations depending on the main axis.
Apparatus:
A simultaneous atomic-emission spectrometer ICP-AES Jobin Yvon (Ultima 2) with axial viewed plasma was used. The plasma was operated with a concentric nebulizer coupled to a cyclone type nebulization chamber. The operating conditions were set as follows: power 1150-1200 W; plasma flow gas 10.5-15 L/min; auxiliary gas flow 1.5 L/min; and nebulizer gas flow 0.2 L/min. Wavelengths used for quantification were: cadmium 226.5 nm, chromium 205.5 nm, lead 220.3 nm, zinc 213.8 nm, copper 324.7 nm, phosphorus 214.9 nm, potassium 766.5 nm, calcium 315.8 nm and magnesium 279 nm. Given values are the mean of 3 measurements ± standard deviation.
